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How to calculate the volume of a cube in litres

Quantity of three-dimensional space For other uses, see Volume (disambiguation). VolumeA measuring cup can be used to measure volumes of liquids. This cup measures volume in units of cups, fluid ounces, and millilitres.Common symbolsVSI unitCubic metre [m3]Other unitsLitre, fluid ounce, gallon, quart, pint, tsp, fluid dram, in3, yd3, barrelIn SI base units1 m3DimensionL3 Volume is the quantity of
three-dimensional space enclosed by a closed surface, for example, the space that a substance (solid, liquid, gas, or plasma) or shape occupies or contains.[1] Volume is often quantified numerically using the SI derived unit, the cubic metre. The volume of a container is generally understood to be the capacity of the container; i.e., the amount of fluid (gas or liquid) that the container could hold, rather than
the amount of space the container itself displaces. Three dimensional mathematical shapes are also assigned volumes. Volumes of some simple shapes, such as regular, straight-edged, and circular shapes can be easily calculated using arithmetic formulas. Volumes of complicated shapes can be calculated with integral calculus if a formula exists for the shape's boundary. One-dimensional figures (such
as lines) and two-dimensional shapes (such as squares) are assigned zero volume in the three-dimensional space. The volume of a solid (whether regularly or irregularly shaped) can be determined by fluid displacement. Displacement of liquid can also be used to determine the volume of a gas. The combined volume of two substances is usually greater than the volume of just one of the substances.
However, sometimes one substance dissolves in the other and in such cases the combined volume is not additive.[2] In differential geometry, volume is expressed by means of the volume form, and is an important global Riemannian invariant. In thermodynamics, volume is a fundamental parameter, and is a conjugate variable to pressure. Units Main article: unit of volume Volume measurements from the
1914 The New Student's Reference Work. Any unit of length gives a corresponding unit of volume: the volume of a cube whose sides have the given length. For example, a cubic centimetre (cm3) is the volume of a cube whose sides are one centimetre (1 cm) in length. In the International System of Units (SI), the standard unit of volume is the cubic metre (m3). The metric system also includes the litre (L)
as a unit of volume, where one litre is the volume of a 10-centimetre cube. Thus 1 litre = (10 cm)3 = 1000 cubic centimetres = 0.001 cubic metres, so 1 cubic metre = 1000 litres. Small amounts of liquid are often measured in millilitres, where 1 millilitre = 0.001 litres = 1 cubic centimetre. In the same way, large amounts can be measured in megalitres, where 1 million litres = 1000 cubic metres = 1 megalitre.
Various other traditional units of volume are also in use, including the cubic inch, the cubic foot, the cubic yard, the cubic mile, the teaspoon, the tablespoon, the fluid ounce, the fluid dram, the gill, the pint, the quart, the gallon, the minim, the barrel, the cord, the peck, the bushel, the hogshead, the acre-foot and the board foot. See also: unusual and obsolete units of volume Related terms Capacity is
defined by the Oxford English Dictionary as "the measure applied to the content of a vessel, and to liquids, grain, or the like, which take the shape of that which holds them".[4] (The word capacity has other unrelated meanings, as in e.g. capacity management.) Capacity is not identical in meaning to volume, though closely related; the capacity of a container is always the volume in its interior. Units of
capacity are the SI litre and its derived units, and Imperial units such as gill, pint, gallon, and others. Units of volume are the cubes of units of length. In SI the units of volume and capacity are closely related: one litre is exactly 1 cubic decimetre, the capacity of a cube with a 10 cm side. In other systems the conversion is not trivial; the capacity of a vehicle's fuel tank is rarely stated in cubic feet, for example,
but in gallons (an imperial gallon fills a volume with 0.1605 cu ft). The density of an object is defined as the ratio of the mass to the volume.[5] The inverse of density is specific volume which is defined as volume divided by mass. Specific volume is a concept important in thermodynamics where the volume of a working fluid is often an important parameter of a system being studied. The volumetric flow rate
in fluid dynamics is the volume of fluid which passes through a given surface per unit time (for example cubic meters per second [m3 s−1]). Volume in calculus Further information: Volume element In calculus, a branch of mathematics, the volume of a region D in R3 is given by a triple integral of the constant function f ( x , y , z ) = 1 {\displaystyle f(x,y,z)=1} over the region and is usually written as: ∭ D 1 d x
d y d z . {\displaystyle \iiint \limits _{D}1\,dx\,dy\,dz.} In cylindrical coordinates, the volume integral is ∭ D r d r d θ d z , {\displaystyle \iiint \limits _{D}r\,dr\,d\theta \,dz,} In spherical coordinates (using the convention for angles with θ {\displaystyle \theta } as the azimuth and φ {\displaystyle \varphi } measured from the polar axis; see more on conventions), the volume integral is ∭ D ρ 2 sin ⁡ φ d ρ d θ d φ .
{\displaystyle \iiint \limits _{D}\rho ^{2}\sin \varphi \,d\rho \,d\theta \,d\varphi .} Volume formulas Shape Volume formula Variables Cube V = a 3 {\displaystyle V=a^{3}\;} Cuboid V = a b c {\displaystyle V=abc} Prism (B: area of base) V = B h {\displaystyle V=Bh} Pyramid (B: area of base) V = 1 3 B h {\displaystyle V={\frac {1}{3}}Bh} Parallelepiped V = a b c K {\displaystyle V=abc{\sqrt {K}}} K = 1 + 2 cos ⁡ ( α )
cos ⁡ ( β ) cos ⁡ ( γ ) − cos 2 ⁡ ( α ) − cos 2 ⁡ ( β ) − cos 2 ⁡ ( γ ) {\displaystyle {\begin{aligned}K=1&+2\cos(\alpha )\cos(\beta )\cos(\gamma )\\&-\cos ^{2}(\alpha )-\cos ^{2}(\beta )-\cos ^{2}(\gamma )\end{aligned}}} Regular tetrahedron V = 2 12 a 3 {\displaystyle V={{\sqrt {2}} \over 12}a^{3}\,} Sphere V = 4 3 π r 3 {\displaystyle V={\frac {4}{3}}\pi r^{3}} Ellipsoid V = 4 3 π a b c {\displaystyle V={\frac {4}{3}}\pi abc}
Circular Cylinder V = π r 2 h {\displaystyle V=\pi r^{2}h} Cone V = 1 3 π r 2 h {\displaystyle V={\frac {1}{3}}\pi r^{2}h} Solid torus V = 2 π 2 R r 2 {\displaystyle V=2\pi ^{2}Rr^{2}} Solid of revolution V = π ⋅ ∫ a b f ( x ) 2 d x {\displaystyle V=\pi \cdot \int _{a}^{b}f(x)^{2}\mathrm {d} x} Solid body with continuous area A ( x ) {\displaystyle A(x)} of its cross sections (example: Steinmetz solid) V = ∫ a b A ( x ) d x
{\displaystyle V=\int _{a}^{b}A(x)\mathrm {d} x} For the solid of revolution above: A ( x ) = π f ( x ) 2 {\displaystyle A(x)=\pi f(x)^{2}} Volume ratios for a cone, sphere and cylinder of the same radius and height A cone, sphere and cylinder of radius r and height h The above formulas can be used to show that the volumes of a cone, sphere and cylinder of the same radius and height are in the ratio 1 : 2 : 3, as
follows. Let the radius be r and the height be h (which is 2r for the sphere), then the volume of the cone is 1 3 π r 2 h = 1 3 π r 2 ( 2 r ) = ( 2 3 π r 3 ) × 1 , {\displaystyle {\frac {1}{3}}\pi r^{2}h={\frac {1}{3}}\pi r^{2}\left(2r\right)=\left({\frac {2}{3}}\pi r^{3}\right)\times 1,} the volume of the sphere is 4 3 π r 3 = ( 2 3 π r 3 ) × 2 , {\displaystyle {\frac {4}{3}}\pi r^{3}=\left({\frac {2}{3}}\pi r^{3}\right)\times 2,} while the volume
of the cylinder is π r 2 h = π r 2 ( 2 r ) = ( 2 3 π r 3 ) × 3. {\displaystyle \pi r^{2}h=\pi r^{2}(2r)=\left({\frac {2}{3}}\pi r^{3}\right)\times 3.} The discovery of the 2 : 3 ratio of the volumes of the sphere and cylinder is credited to Archimedes.[6] Volume formula derivations Sphere The volume of a sphere is the integral of an infinite number of infinitesimally small circular disks of thickness dx. The calculation for the
volume of a sphere with center 0 and radius r is as follows. The surface area of the circular disk is π r 2 {\displaystyle \pi r^{2}} . The radius of the circular disks, defined such that the x-axis cuts perpendicularly through them, is y = r 2 − x 2 {\displaystyle y={\sqrt {r^{2}-x^{2}}}} or z = r 2 − x 2 {\displaystyle z={\sqrt {r^{2}-x^{2}}}} where y or z can be taken to represent the radius of a disk at a particular x value.
Using y as the disk radius, the volume of the sphere can be calculated as ∫ − r r π y 2 d x = ∫ − r r π ( r 2 − x 2 ) d x . {\displaystyle \int _{-r}^{r}\pi y^{2}\,dx=\int _{-r}^{r}\pi \left(r^{2}-x^{2}\right)\,dx.} Now ∫ − r r π r 2 d x − ∫ − r r π x 2 d x = π ( r 3 + r 3 ) − π 3 ( r 3 + r 3 ) = 2 π r 3 − 2 π r 3 3 . {\displaystyle \int _{-r}^{r}\pi r^{2}\,dx-\int _{-r}^{r}\pi x^{2}\,dx=\pi \left(r^{3}+r^{3}\right)-{\frac {\pi }
{3}}\left(r^{3}+r^{3}\right)=2\pi r^{3}-{\frac {2\pi r^{3}}{3}}.} Combining yields V = 4 3 π r 3 . {\displaystyle V={\frac {4}{3}}\pi r^{3}.} This formula can be derived more quickly using the formula for the sphere's surface area, which is 4 π r 2 {\displaystyle 4\pi r^{2}} . The volume of the sphere consists of layers of infinitesimally thin spherical shells, and the sphere volume is equal to ∫ 0 r 4 π r 2 d r = 4 3 π r 3 .
{\displaystyle \int _{0}^{r}4\pi r^{2}\,dr={\frac {4}{3}}\pi r^{3}.} Cone The cone is a type of pyramidal shape. The fundamental equation for pyramids, one-third times base times altitude, applies to cones as well. However, using calculus, the volume of a cone is the integral of an infinite number of infinitesimally thin circular disks of thickness dx. The calculation for the volume of a cone of height h, whose base is
centered at (0, 0, 0) with radius r, is as follows. The radius of each circular disk is r if x = 0 and 0 if x = h, and varying linearly in between—that is, r h − x h . {\displaystyle r{\frac {h-x}{h}}.} The surface area of the circular disk is then π ( r h − x h ) 2 = π r 2 ( h − x ) 2 h 2 . {\displaystyle \pi \left(r{\frac {h-x}{h}}\right)^{2}=\pi r^{2}{\frac {(h-x)^{2}}{h^{2}}}.} The volume of the cone can then be calculated as ∫ 0 h π r 2
( h − x ) 2 h 2 d x , {\displaystyle \int _{0}^{h}\pi r^{2}{\frac {(h-x)^{2}}{h^{2}}}dx,} and after extraction of the constants π r 2 h 2 ∫ 0 h ( h − x ) 2 d x {\displaystyle {\frac {\pi r^{2}}{h^{2}}}\int _{0}^{h}(h-x)^{2}dx} Integrating gives us π r 2 h 2 ( h 3 3 ) = 1 3 π r 2 h . {\displaystyle {\frac {\pi r^{2}}{h^{2}}}\left({\frac {h^{3}}{3}}\right)={\frac {1}{3}}\pi r^{2}h.} Polyhedron Main article: Volume of a polyhedron Volume in
differential geometry Main article: Volume form In differential geometry, a branch of mathematics, a volume form on a differentiable manifold is a differential form of top degree (i.e., whose degree is equal to the dimension of the manifold) that is nowhere equal to zero. A manifold has a volume form if and only if it is orientable. An orientable manifold has infinitely many volume forms, since multiplying a
volume form by a non-vanishing function yields another volume form. On non-orientable manifolds, one may instead define the weaker notion of a density. Integrating the volume form gives the volume of the manifold according to that form. An oriented pseudo-Riemannian manifold has a natural volume form. In local coordinates, it can be expressed as ω = | g | d x 1 ∧ ⋯ ∧ d x n , {\displaystyle \omega =
{\sqrt {|g|}}\,dx^{1}\wedge \dots \wedge dx^{n},} where the d x i {\displaystyle dx^{i}} are 1-forms that form a positively oriented basis for the cotangent bundle of the manifold, and g {\displaystyle g} is the determinant of the matrix representation of the metric tensor on the manifold in terms of the same basis. Volume in thermodynamics Main article: Volume (thermodynamics) In thermodynamics, the volume
of a system is an important extensive parameter for describing its thermodynamic state. The specific volume, an intensive property, is the system's volume per unit of mass. Volume is a function of state and is interdependent with other thermodynamic properties such as pressure and temperature. For example, volume is related to the pressure and temperature of an ideal gas by the ideal gas law. Volume
computation The task of numerically computing the volume of objects is studied in the field of computational geometry in computer science, investigating efficient algorithms to perform this computation, approximately or exactly, for various types of objects. For instance, the convex volume approximation technique shows how to approximate the volume of any convex body using a membership oracle. See
also Banach–Tarski paradox Conversion of units Dimensional weight Dimensioning Length Measure Perimeter Volume (thermodynamics) Volumography Weight References ^ "Your Dictionary entry for "volume"". Retrieved 2010-05-01. ^ One litre of sugar (about 970 grams) can dissolve in 0.6 litres of hot water, producing a total volume of less than one litre. "Solubility". Retrieved 2010-05-01. Up to 1800
grams of sucrose can dissolve in a liter of water. ^ "General Tables of Units of Measurement". NIST Weights and Measures Division. Archived from the original on 2011-12-10. Retrieved 2011-01-12. ^ "capacity". Oxford English Dictionary (Online ed.). Oxford University Press. (Subscription or participating institution membership required.) ^ "density". Oxford English Dictionary (Online ed.). Oxford University
Press. (Subscription or participating institution membership required.) ^ Rorres, Chris. "Tomb of Archimedes: Sources". Courant Institute of Mathematical Sciences. Retrieved 2007-01-02. External links Wikimedia Commons has media related to Volumes. Perimeters, Areas, Volumes at Wikibooks Volume at Wikibooks Retrieved from " 2 Linear functionals (1-forms) α, β and their sum σ and vectors u, v, w, in
3d Euclidean space. The number of (1-form) hyperplanes intersected by a vector equals the inner product.[1] In linear algebra, a one-form on a vector space is the same as a linear functional on the space. The usage of one-form in this context usually distinguishes the one-forms from higher-degree multilinear functionals on the space. For details, see linear functional. In differential geometry, a one-form on
a differentiable manifold is a smooth section of the cotangent bundle. Equivalently, a one-form on a manifold M is a smooth mapping of the total space of the tangent bundle of M to R {\displaystyle \mathbb {R} } whose restriction to each fibre is a linear functional on the tangent space. Symbolically, α : T M → R , α x = α | T x M : T x M → R , {\displaystyle \alpha :TM\rightarrow {\mathbb {R} },\quad \alpha
_{x}=\alpha |_{T_{x}M}:T_{x}M\rightarrow {\mathbb {R} },} where αx is linear. Often one-forms are described locally, particularly in local coordinates. In a local coordinate system, a one-form is a linear combination of the differentials of the coordinates: α x = f 1 ( x ) d x 1 + f 2 ( x ) d x 2 + ⋯ + f n ( x ) d x n , {\displaystyle \alpha _{x}=f_{1}(x)\,dx_{1}+f_{2}(x)\,dx_{2}+\cdots +f_{n}(x)\,dx_{n},} where the fi are
smooth functions. From this perspective, a one-form has a covariant transformation law on passing from one coordinate system to another. Thus a one-form is an order 1 covariant tensor field. Examples Applications Many real-world concepts can be described as one-forms: Indexing into a vector: The second element of a three-vector is given by the one-form [0, 1, 0]. That is, the second element of [x, y, z]
is [0, 1, 0] · [x, y, z] = y. Mean: The mean element of an n-vector is given by the one-form [1/n, 1/n, ..., 1/n]. That is, mean ⁡ ( v ) = [ 1 / n , 1 / n , … , 1 / n ] ⋅ v . {\displaystyle \operatorname {mean} (v)=[1/n,1/n,\dots ,1/n]\cdot v.} Sampling: Sampling with a kernel can be considered a one-form, where the one-form is the kernel shifted to the appropriate location. Net present value of a net cash flow, R(t), is given
by the one-form w(t) := (1 + i)−t where i is the discount rate. That is, N P V ( R ( t ) ) = ⟨ w , R ⟩ = ∫ t = 0 ∞ R ( t ) ( 1 + i ) t d t . {\displaystyle \mathrm {NPV} (R(t))=\langle w,R\rangle =\int _{t=0}^{\infty }{\frac {R(t)}{(1+i)^{t}}}\,dt.} Differential The most basic non-trivial differential one-form is the "change in angle" form d θ . {\displaystyle d\theta .} This is defined as the derivative of the angle "function" θ ( x , y )
{\displaystyle \theta (x,y)} (which is only defined up to an additive constant), which can be explicitly defined in terms of the atan2 function atan2 ⁡ ( y , x ) = arctan ⁡ ( y / x ) . {\displaystyle \operatorname {atan2} (y,x)=\operatorname {arctan} (y/x).} Taking the derivative yields the following formula for the total derivative: d θ = ∂ x ( atan2 ⁡ ( y , x ) ) d x + ∂ y ( atan2 ⁡ ( y , x ) ) d y = − y x 2 + y 2 d x + x x 2 + y 2 d y
{\displaystyle {\begin{aligned}d\theta &=\partial _{x}\left(\operatorname {atan2} (y,x)\right)dx+\partial _{y}\left(\operatorname {atan2} (y,x)\right)dy\\&=-{\frac {y}{x^{2}+y^{2}}}dx+{\frac {x}{x^{2}+y^{2}}}dy\end{aligned}}} While the angle "function" cannot be continuously defined – the function atan2 is discontinuous along the negative y-axis – which reflects the fact that angle cannot be continuously defined, this
derivative is continuously defined except at the origin, reflecting the fact that infinitesimal (and indeed local) changes in angle can be defined everywhere except the origin. Integrating this derivative along a path gives the total change in angle over the path, and integrating over a closed loop gives the winding number times 2π. In the language of differential geometry, this derivative is a one-form, and it is
closed (its derivative is zero) but not exact (it is not the derivative of a 0-form, i.e., a function), and in fact it generates the first de Rham cohomology of the punctured plane. This is the most basic example of such a form, and it is fundamental in differential geometry. Differential of a function Main article: Differential of a function Let U ⊆ R {\displaystyle U\subseteq \mathbb {R} } be open (e.g., an interval ( a ,
b ) {\displaystyle (a,b)} ), and consider a differentiable function f : U → R {\displaystyle f:U\to \mathbb {R} } , with derivative f'. The differential df of f, at a point x 0 ∈ U {\displaystyle x_{0}\in U} , is defined as a certain linear map of the variable dx. Specifically, d f ( x 0 , ⋅ ) : d x ↦ f ′ ( x 0 ) d x {\displaystyle df(x_{0},\cdot ):dx\mapsto f'(x_{0})dx} . (The meaning of the symbol dx is thus revealed: it is simply an
argument, or independent variable, of the linear function d f ( x 0 , ⋅ ) {\displaystyle df(x_{0},\cdot )} .) Hence the map x ↦ d f ( x ) {\displaystyle x\mapsto df(x)} sends each point x to a linear functional d f ( x , ⋅ ) {\displaystyle df(x,\cdot )} . This is the simplest example of a differential (one-)form. In terms of the de Rham cochain complex, one has an assignment from zero-forms (scalar functions) to one-forms
i.e., f ↦ d f {\displaystyle f\mapsto df} . See also Inner product Reciprocal lattice Tensor References ^ J.A. Wheeler; C. Misner; K.S. Thorne (1973). Gravitation. W.H. Freeman & Co. p. 57. ISBN 0-7167-0344-0. Retrieved from "
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